In a previous report (1) it was shown that in guinea pig taenia coli hypertonically added 40 mm K induced a large tension and that both tissue Ca and "Ca uptake of the muscle measured after a 4 minutes wash increased, while in 152 mm K/0 mm Na medium only a small tension remained and '5Ca uptake did not increase while tissue Ca decreased . It has also been shown that the tonic response in hypertonic 40 mm K medium is dependent on aerobic breakdown of carbohydrates and blocked by sodium transport inhibitor (2) (3) (4) . The tonic response in 152 mm K/0 mm Na medium was however shown to be unaffected by a sodium transport inhibitor and not solely dependent on aerobic breakdown of carbo hydrates (4) .
The present investigation is concerned with the changes in tension , uptake of 45Ca measured after a 4 minutes wash and tissue Ca in varying concentrations of Na and K in the external medium, and also the effects of inhibitors of metabolism and sodium transport in guinea pig taenia coli.
A part of this work has already been represented (5) .
METHODS
Strips of taenia coli isolated from white male guinea pig weighing about 600 g were suspended in an organ bath containing Tyrode solution of the following composition (mm); NaC1 136.8, KC1 2.7, CaC12 2.5, MgC12 1.0, NaH2PO4 0.4 , NaHCO3 11.9 and glucose 5.5, saturated with 95% 0, and 5%C02 mixture and maintained at 37°C .
In one series of experiments the concentration of NaC1 in the medium was gradually increased or decreased without any substitution; variation in osmolarity being unheeded .
In another series the NaCl concentration was gradually decreased and an equivalent amount of a substitute, such as KC1, K2SO4j LiCl, tris(hydroxymethyl)-aminomethan neutralized to pH 7.2 with HC1 (Tris-Ci), choline-Cl or an isosmotic amount of sucrose was added to the medium. In all cases an appropriate amount of KC1 was added to give a final concentration of 42.7 mm K. When KCl or K,SO4 was used to substitute NaC1 and the final concentration of K in the medium was above 42.7 mm, no KCl was added.
The abbreviation of "hyper-40 K" in the text means the Tyrode solution with hyper tonically added 40 mm KC1, and "iso-40, -80, -120 or -152 K" means the Tyrode solution in which 40, 80, 120 mm or all the Na ions were replaced by equiamounts of K ions.
Tension changes : Tension changes were recorded isometrically using a mechano electro transducer. The muscle suspended in Tyrode solution was equilibrated for an hour. The Na substituted medium was then added and the tension was allowed to reach a steady level. Effects of metabolism and sodium transport inhibitors on the tonic response were studied at this steady state. For the investigations in the case of iso-152 K medium, "Ca contracture ," which was produced by the addition of Ca to the medium from which Ca was removed previously was used (4) . "Ca uptake (4 minutes wash) : Muscles were first equilibrated for an hour in normal
Tyrode solution, then transferred to a NaCl substituted media containing "Ca and in cubated for 30 minutes. At the end of this period the strips were washed three times in 4 minutes in an inactive solution of the same composition as the incubation medium. The strips were ashed and the radioactivity was counted in a gas flow counter as described in an earlier paper (1). Tissue Ca : The procedure was similar to the above except that the Ca content of the muscle was measured by an atomic absorption spectrophotometer (1) . Tissue Ca data are not corrected for extracellular space.
The following drugs were used : 2,4-dinitrophenol (DNP), KCN, iodoacetic acid (IAA), 2-deoxyglucose and ouabain.
RESULTS
I. Tension, Ca movement and metabolism in varying concentrations of external Na and K Tension changes : Tension changes when KCl was substituted for NaCI of the external medium are given in Fig. 1 . The tension of the muscle in a medium with high-K reaches a steady level within 30 minutes after the application of this new medium, however, for uniformity, tension at the 30th minute was taken for calculation. The tension at the 30th showing these values versus the Na con centration of the respective medium. When K2SO4 was used for substitution instead of KCI, the results were almost the same ( Fig.  2-B) . From these figures it is evident that as the amount of Na decreases and K corre spondingly increases, the tonic tension of high-K induced contracture declines. 45Ca uptake (4 minutes wash) and tissue Ca: The "Ca uptake (4 min wash) and the tissue Ca at the 30th minute after the application of the substituted media were determined. Fig. 3 shows these values plotted against the Na concentration of the external medium. The control values in normal Tyrode solution were 3.6 X 108 cpm and 4.40 mEq/kg wet tissue. In hyper-40 K medium, both values increased to 5.7 X 108 cpm and 5.65 mEq/kg but they gradually decreased when the external Na was gra dually replaced by K. When all the Na was replaced, the values were 3.6 X 108 cpm
Tension changes in varying Na/K media in taenia coli. The tension at the 30th minute after the application of hyper-40K was taken as control and the tension at the 30th minute in the media of which NaCl was gradually replaced by KC1 (A) or KISO4 (B) are expressed as a percentage of the control.
FIG. 3. Changes in tissue Ca and 45Ca uptake
(4 min wash) in varying Na/K media in taenia coli. Tissue Ca and 45Ca uptake (4 min wash) at the 30th minute after the appli cation of the substituted media were determined.
• : Tissue Ca • : 45Ca uptake (4 min wash) /, O : Control level of tissue Ca and 45Ca uptake (4 min wash) , respectively, measured in normal Tyrode solution.
Vertical lines indicate the +SE of the mean. (Fig. 4) .
Although the method of eliciting contrac tions in the two cases were different, viz. adding of KC1 for the hyper-40 K contraction and replacing Ca for the iso-152 K contrac tion, there remained a phasic contraction in both cases when the various inhibitors in hibited the tonic responses. These results are the same as those in a previous paper (4) .
The effects of anoxia and ouabain on the tonic response of the muscle induced in a media in which NaC1 was gradually replaced by KCI, are summarized in Table 1 . Under anoxic conditions the tonic tension was inhibited and only about 0.5 g remained in all cases except in iso-152 K medium. Ouabain (2.5 x 10-6M) inhibited the tonic tension and only about 0.5-1 g remained except when the external Na concentration was lowered to less than 70 mm (or K concentration was more than 80 mm) where the tonic tension was scarcely altered by ouabain.
From these data it may be seen that the contractures in high-K media are all de pendent on external Ca and when the external Na ions are gradually replaced by K ions they become oxygen independent and ouabain insensitive.
II. Tension in varying Na and fixed K concentrations
In the experiments so far the concentration of Na was varied with a corresponding variation in K. In the following experiments Na concentrations was varied while that of K was fixed at 42.7 mm. Na depletion : When the NaCI of the medium was increased or decreased without any substitution and the relative tension at the 30th minute was plotted against the con centration of Na, it was again found that, as the concentration of external Na decreased, the tension also declined as shown in Fig. 5 . It may also be seen that when the Na con centration was below 160 mm and above 50 mm the graph is linear. Above 160 mm there appears to be little variation. As the smooth muscle cells of taenia coli would be damaged by a reduction of the osmolarity to any point below 50% of the normal (6), depletion of more than 50 mm NaC1 was not done.
Na depletion and substitution:
When external Na concentration was decreased and various substitutes were added to compensate the reduced osmolarity, the tension did not always reach a steady level within 30 minutes. In such a cases the measurements were after the tension reached a steady level. Fig. 6 shows the graph of tension developed against Na concentration of the external medium when various substitutes, such as LiCl, choline-Cl, Tris-Cl or sucrose, were added. As seen in the figure, the tension declined sharply in the case of LiCI substitution but in the case of Tris-Cl and sucrose substitution, the tension scarcely altered till the Na concentration become less than 50 mm. Although there is such a large variation in the nature of the decline, it could be generalized and said Fic.6. Tension changes in varying Na and fixed K media in taenia coli. Concentration of K in the medium was fixed at 42.7 mm and the NaC1 was gradually replaced by LiC1 (A), choline-Cl (B), Tris-C1 (C) or sucrose (D) and the corresponding tension at the steady level are shown.
that in all cases a decrease in the external Na concentration caused a decline in the tension developed.
DISCUSSION
In the present results, the tonic tension of taenia coli induced by high-K declined when the concentration of external Na was lowered and that of K compensatorily increased. It was previously shown that high-K induced contracture in taenia coli was not affected by atropine (1 X 10' g/ml) (7), hyoscine (1 x 10' g/ml) (1, 8) or tetrodotoxin (1 x 10-5 M) (1) , showing that this K-induced contracture is independent of any nervous influence. As the change in tension curve did not considerably differ when external NaC1 was sub stituted either by KCl or K2SO,, it may be said that the anion in the external medium does not play an important role in this instance.
A decrease in external NaCI concentration alone without any compensation for a loss in osmolarity caused a decline in the tension of K-contracture. When various sub stitutes were added, there was in general a decline in the tension curve, especially when KC1, K2SO,, LiC1 or choline-Cl was substituted for NaCl. The portion of the curves from 150 to 100 or 50 mm were similar to, or overlapped the curve of Na depletion without any substitution but beyond that point the substitutes added seemed to influence the shape of the decline curve. In the case of Tris-Cl and sucrose substitution , the decline in the tension was not seen until the external Na concentration was below 50 mm. The reasons for these substitutes behaving differently were not investigated .
The isotonic contraction induced by high-K (40 mm or more) in the uterine smooth muscle, isolated from female rats pretreated for three days with diethylstilbestrol , also gradually declined when the external NaC1 was gradually substituted with KCI, LiCI or sucrose, and the inhibition was similar to those in the case of taenia coli although it took a much longer time for uterine muscle to reach a steady level (5) . Similar results were reported on the direct action of angiotensin on smooth muscle cells of guinea pig ileum (9) and of bradykinin and acetylcholine on guinea pig ileum and rat uteri which were in fluenced by the Na concentration of the external medium (10) . Further, barium-induced tonic tension in taenia coli was also reported to be abolished in Li-substituted medium (8) . From these data it may be suggested that the Na in the external medium plays an important role in the development of tension (or shortening) in smooth muscle.
In the present data the tension declined similarly when the external K concentration was rised by substituting NaC1 in the medium with KC1 or K,SO, . The increased ex ternal K is known to depolarize the membrane of taenia coli keeping a linear relationship between the membrane potential and the logalithm of the K concentration of the medium for K concentrations exceeding 30 mm (11, 12) . However, there is no such clear relation ship between high-K induced tension and membrane potential over such a wide range of K concentrations (13, 14) . Further, the depolarization caused by isotonic K2SO4 solution is higher than that caused by isotonic KCl solution in taenia coli (15) . These data suggest that the decrease in tension in decreased Na and increased K media may not be related to a decrease in membrane potential.
In the experiments of Na deficiency, the substance substituted for Na to maintain isotonicity in the environment itself had a specific effect on smooth muscle contractility (16) and on the membrane potential of taenia coli (17, 18) . In Na-free, Tris substituted solution, the membrane depolarization caused by excess K increased than that in normal solution in taenia coli (12) , which also suggests the discrepancy between membrane poten tial and tension as the tension declined in Na-free media in the present data. However, it was also shown that high-K (less than 30 mm) induced membrane depolarization in creased in excess Na solution and that in the solution containing half the normal Na (Tris substitution) was almost similar to that observed in the presence of normal Na concentration (12) . In the present data, high-K induced tension increased in excess Na media and that in the half Na (Tris substitution) medium was almost similar to that in the normal medium . Moreover, the positive relationship between tension and external K concentration of limited range (40 to 70 or 80 mm) has been reported in taenia coli (14) , suggesting the positive relation between tension and membrane depolarization of a certain range . If the change in membrane potential by the change in external Na concentration (12) would also be seen in the presence of 40 mm K it may be said from these data that in the case of Tris sub stitution, when the external K concentration was fixed at 40 mm, a small change in mem brane depolarization causd by the change in external Na concentration is associated with the change in tension.
Further studies are needed to crarify the relation between high-K induced membrane depolarization and tension in varying Na media using various Na substitutes although it is probable that in both cases the external Na concentration may take part in the change in tension, directly in the former case and indirectly in the latter.
The present results have made it clear that both tissue Ca and 45Ca uptake (4 min wash) increased when 40 mm K was added to the normal Tyrode solution but they decreased in accordance with the decline in tension when the external Na was gradually replaced by K. The correlation between tension and the value of the tissue Ca fraction which does not exchange within 4 minutes, measured by the 45Ca uptake (4 min wash) experiment, was suggested earlier (1, 2, 19) . The present data supports this contention. Van Bree men and Daniel (20) have reported that the Ca content of rat uterine muscle in high-K medium decreased when the external Na was further substituted by K, which is in agree ment with the present results where taenia coli was used.
The tonic response in hyper-40 K medium has been found to be abolished by factors suppressing sodium transport mechanism and aerobic breakdown of carbohydrates (2-4), while that in iso-152 K medium was not inhibited by these factors (4). The present data not only agrees with these but also indicates that, as the external Na was gradually replaced by K, the tonic response induced by high-K gradually become less oxygen dependent and less sensitive to ouabain. The tonic response induced in high-K/Na-rich medium was reported to be maintained by the increased influx of Ca from external medium (2, 19) and K-induced Na-Ca linked transport process was proposed (3). Similar process was suggested in squid axons from the experiments in which the Na efflux was affected by external Ca and vice versa (21, 22) . The efflux of Na from taenia coli was reported to decrease in low-Na/Li-substituted medium (23, 24) but there is no available data con cerning the effect of external Ca on Na efflux.
SUMMARY
1. The nature of tonic response in guinea pig taenia coli induced by high-K was studied with varying concentrations of external Na and/or K. 2. Both "Ca uptake measured after a 4 minutes wash and tissue Ca increased above control levels in high-K/Na-rich medium but when external Na was gradually replaced by K, these showed corresponding decrease.
3. The tonic tension induced by high-K gradually declined both when the external Na was reduced without any replacement and when substituted with KCI, K2SO4j choline Cl, Tris-Cl, LiCl or sucrose, suggesting an important role of Na on tension development.
4. The tonic response induced in high-K/Na-rich medium was abolished by the inhibitors of aerobic breakdown of carbohydrates and sodium transport but it became gradually oxygen independent and ouabain insensitive when the external Na was replaced by K. In high-K/Na-deficient medium the tonic response was abolished only by the inhibitors of anaerobic breakdown of carbohydrates under anoxic conditions and Ca removal.
5. It is concluded that the nature of the high-K induced tonic response regards tension, Ca movement and metabolism, gradually changed when the external Na was gradually replaced by K, and at least the change in tension was caused by the decrease in external Na concentration.
